We analyse the convergence and heterogeneity of living standards between East and West Germany since unification. Based on data from the German Socio-Economic Panel (GSOEP), we compare total individual income of permanent adult residents, including retirees and the unemployed, of East and West Germany over the fifteen years for which data are available. Using a fixed effects vector decomposition method, we estimate the gross total income difference between East and West Germans taking unobserved heterogeneity into account. Our analysis demonstrates that the negative income gap has decreased from 33 per cent in 1992 to 22 per cent in 2002, rising again to 26 per cent in 2007. Hence some convergence took place in nominal terms since unification. Constructing income gaps by decennial cohorts, we discover that the most recent cohorts have the highest negative income gap. This probably reflects out-migration from East Germany by the young and highly skilled. On the basis of quantile regressions we find a positive income gap at the beginning of the 1990s for the lower income deciles (that is higher incomes in East Germany). This was due to retirees in the East with relative long employment histories receiving transfer payments by western standards. The income gap is insignificant when accounting for heterogeneity at the area level by including area level variables to our regression.
Introduction
This paper analyses gross income differences between East and West Germans since unification and studies their distribution using the most recent GSOEP data from the period from 1992 to 2007. In doing so, the paper contributes to our understanding of German unification by emphasising its long-term trends and the variation of experiences across the income distribution.
The process of German unification started in earnest twenty years ago with the fall of the Berlin Wall on November 9, 1989. West-Germany had been a wealthy market economy while East- Germany had been an economically less successful command economy before unification.
Hence two contrary economic systems were forced together at unification. The terms of this merger implied that East-Germany imported political, legal, monetary, banking and industrial relation systems from West-Germany. Also the western social welfare system and active labour market programs were implemented in Eastern-Germany. Transfer payments from the West to the East were expected to further increase the speed of convergence of living standards.
Most companies in East-Germany could not survive in competition with Western companies with decades of global competition experience. Consequently, and in the absence of wage subsidies or productivity increases, almost all companies in East-Germany had to close down (Akerlof et al. 1991 , Burda and Hunt 2001 , Hunt 2006b , Brenke 2009 ). After unification wages in EastGermany should have fallen as with the parity currency conversion wages in the East were far above the market clearing level. A fall of real wages was resisted by trade unions in WestGermany because they feared pressure on wages of their members. Mainly they feared lowwage competition from East-Germany. Further they argued that if wages were to fall in EastGermany then mass migration from East-to West-Germany would result. In fact migration had been reduced by increased wages in East-Germany (Hunt 2006a) . But a further increase of wages took place and worsened the unemployment risk of workers in East-Germany. This trend of rising wages was also supported by politicians keen to equalize living conditions quickly. This led to a strong increase in unemployment in the East, which in turn also reduced life satisfaction (Gerlach and Stephan 1996, Kassenboehmer and Haisken-De New 2008) . However, the high unemployment led to a deterioration of the power of the trade unions and therefore wages became more flexible several years after unification. (Kohaut and Schnabel 1999) .
There is a lively literature discussing the evolution of wages of full-time employed workers in East-and West-Germany after unification. In the first years after unification, wage convergence took place but it slowed down in the mid 1990s. Wage dispersion rose in West-Germany at the top of the distribution in the 1980s and also in the lower part in the 1990s. Compared to WestGermany the wage distribution was relatively compressed in East-Germany in the 1990s. Since then wage dispersion increased more strongly in East-Germany and reached the level of WestGermany at the end of the 1990s (Franz and Steiner 2000; Gernandt and Pfeifer 2007; Dustman et al. 2009; Steiner and Wagner 1997) . Gernandt and Pfeiffer (2009) In a recent paper compare inequality trends of wages, hours worked, earnings, consumption and wealth for Germany. They find a relatively stable wage and market income distribution before unification in West-Germany and an increase afterwards.
Disposable income and consumption increase slightly. For East-Germany inequality increased more relative to West-Germany and some convergence took place. Reasons for lower wages in the East could be due to the characteristics of the labour force or due to characteristics of the jobs. Fuchs-Schündeln and Izem (2008) use a spatial structural model to analyze if low labour productivity in East-Germany after unification can be traced back to the depreciation of human capital or to unfavourable job characteristics. They find that skills are very similar but that job characteristics are very different between both parts of Germany.
It is not possible to consider the well being of the whole population when focusing on wages of the full-time employed. Especially the unemployed, early retirees, pensioners and people who are not working are not included in such an analysis. However, there may be systematic differences in regard to the population structures between East-and West-Germany. For example, the share of the non-working population is much higher in East-Germany compared to the West. Underemployment including short-time workers is 10 per cent in West-Germany and 20 per cent in East-Germany in the year 2008. The fraction of the population being older than 65 is 22 per cent in East Germany and 20 per cent in East Germany (data from German labour office). We therefore focus on a comparison of the whole adult population using individual gross total income as our indicator for economic well being. Total income is a broader concept than wages to measure well-being of the population. Another suitable variable for conducting well being comparisons would be consumption. Unfortunately, there is no consumption data available in our data set, the German Socio-Economic Panel (GSOEP).
Studies for income comparisons could be performed at the household level or at the individual level. On the household level, Brenke (2005) finds that the income of East German households increased markedly in the period [1991] [1992] [1993] [1994] [1995] [1996] and that the initial negative income gap declined.
Since the mid 1990s the negative income gap has started to widen again. The analysis of Goebel et al. 2009 reveals disposable income convergence on the household level between East-and West-Germans until 1997, a Second, we take heterogeneity into account using quantile regressions and by applying the decompositions of Juhn et al. (1992) and Melly (2006) to get further insights into the underlying reasons of the income differences. Here we add further information on the conditional income differences and on the underlying reasons for income differences to the literature. In fact, the income gap increases across the income distribution. Interestingly East Germans have a higher income at the first decile relative to West Germans. Especially persons who receive benefits and retirees are disproportionate located there.
Third, differentiating between different cohorts yields the highest income for the retirees that belong to the oldest cohort. The younger the East Germans the lower is their income. This is surprising because the middle cohorts should be in the worst position because they received their formal education in the former German Democratic Republic and started their work biographies in the then German Democratic Republic. Thus the devaluation of their skills should be the highest. The worst position of the youngest cohorts suggests a significant role for the out migration of young and highly skilled East Germans.
Fourth, when controlling for costs of living differences at the area level, the mean income difference between permanent residents of East-and West-Germany turns insignificant, suggesting that real income convergence has indeed been achieved since unification.
The remainder of the paper is organized as follows. Section 2 describes the data and summary statistics. Section 3 presents the empirical methods used for our analysis. Thereafter we present the empirical results of our regressions in section 4. Section 5 concludes.
Data and Descriptive Statistics
We use the latest version of the GSOEP data set for the period 1984-2007. 1 Our main variable to measure living standards is gross total income at the individual level which includes a large set of income sources like labour income, capital income and social benefits. Since 1992 information about income has been available in East-Germany. A detailed list of all 44 income components can be found in Grabka (2008) .
Gross total income is deflated by the consumer price index. The statistical office of Germany stops calculating the consumer price index separately for East-and West-Germany in the year 1999. Therefore we used different consumer price indices up to the year 1999 and the same afterwards. We further include several individual characteristics of each person in our data set.
Finally we merge the GSOEP data with the "Indikatoren und Karten zur Raum-und Stadtentwicklung -INKAR" (indicators and maps for spatial and urban development) data set collected by "Bundesinstitut für Bau-, Stadt-und Raumforschung" (federal institute for construction, urban and regional research) with regional specific information from 435 districts ("Kreisebene"). This information is only available for the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] .
We focus on the comparison of gross total income between people staying permanently in East- or West-Germany. These two groups are identified by their residence in the year 1989 and their residence in all subsequent years of the period of observation. We dropped all movers between the two parts of Germany as well residents of Berlin, which cannot be clearly assigned to either the East or the West. Additionally we dropped all people with zero income because we focus on an income comparison between the two parts of Germany on the individual level (though we relax the restrictions of "no migration" and "positive income" for robustness checks as explained below). Finally we focus on people who are not currently engaged in formal education.
Summary statistics of our panel data set are displayed in Table 1 Afterwards the income gap widens again by 4 percentage points.
( Table 1 about here)
The income gap differs markedly across the income distribution. At the first decile of the income distribution East Germans in 1992 have a 19 per cent higher income relative to West Germans.
Especially retirees and the unemployed are located at the lower end of the income distribution.
After unification old-age pension claims in the former German Democratic Republic were generously regulated in the unification treaty. East Germans on average have a higher duration of employment compared to West Germans, for example due to fewer interruptions as a result of Since 2002 it has widened again by 4 percentage points at the median and 7 percentage points at the 9 th decile. For both the 5 th and 9 th deciles, the income gap has an inverse U-shape across time. Measured by the Gini coefficient, income inequality was stable during the period of observation in West-Germany. The interdecile range indicates a slight decline and the coefficient of variation a slight increase in income inequality. For East-Germany, income inequality increased over time but stayed at a lower level compared to West-Germany. 88 per cent of persons with zero income are women in our West-German sample compared to 62 per cent in East-Germany. Our descriptive findings are qualitatively the same when including these zero income persons to our sample.
Methods
We hypothesize that the East-West income gap can be explained by a variety of observable time-invariant and time-variant factors at the individual and area levels. We therefore conduct regression analysis to understand which variables in particular explain income convergence and heterogeneity. Specifically, we explain gross total individual income with a rich set of covariates in our empirical specification. The control variables also included in the regression are explained below.
Our main variable of interest is a dummy variable which takes the value one if people reside permanently in East-Germany and zero if people stay permanently in West-Germany. Since the decision to move to another location of residence is based on a cost-benefit analysis subject to information constraints an endogeneity problem arises when adding the location of residence as an exogenous variable to our regression model. Besides economic factors like the labour market situation many other factors influence the decision to move to another location of residence, for example family structure and attachment to the region. Our endogenous variable -gross income -may also be a factor influencing the location decision. If the expected income in the target area is higher than in the area of origin this would influence the probability to migrate positively.
Hence the expected income could be approximated by the income distribution in the target area, the income itself determines the location decision. However, analysing this location decision is beyond the scope of this paper. Furthermore, data on internal migration is only available for some of the years of the dataset. Thus we assume that the location decision to be exogenous.
Depending on the year of birth, people in East Germany may be affected differently by unification. Therefore we insert decennial cohort dummies in the regression. Additionally we interact the dummy variable of residence and a dummy variable of each year of the observation period to get insights into the income convergence across time.
We add rich individual-specific information as covariates to the regression to control for Furthermore regressions with and without regional specific variables are performed on the area level. Dummies for each area level are added to take account of time constant unobserved heterogeneity. We also add the unemployment rate, the industry fraction and the gross domestic product per head as time varying variables on the district level.
2 Each regression is estimated without and with area-specific variables.
Simple pooled OLS estimations are typically strongly biased because they do not take unobserved heterogeneity into account. We face the problem that our dummy variable indicating permanent residents in East-Germany is time invariant for each person. Consequently this dummy variable will be included in the unit effect of fixed effects estimation. Thus fixed effects estimation of the coefficient of time invariant variables is not possible.
2 When adding area level specific variables we cluster the standard errors according to Moulton 1990 . Since we are not only interested in the mean effect we also perform quantile regression to gain insights into the heterogeneity of our estimated coefficients (Koenker 2005 ). When we estimate quantile regressions we could not control for unobserved heterogeneity because adding dummies for each person of our data set would not allow us to estimate our time constant variables of interest.
Differences between East and West Germans could be due to a different distribution of characteristics, different estimated coefficients and a different distribution of the residuals. The residual component can be interpreted as within group heterogeneity. We perform the decomposition method of Juhn et al. (1993) , which is based on simple OLS regression, to estimate all three components. We further perform the decomposition method of Melly (2006), which decomposes observable differences into a characteristic and coefficient effect based on quantile regressions.
One problem arises because the group of permanent East German residents declines across time mainly due to East-West migration, which was caused in part by high unemployment rates in the East and by higher wages in West-Germany. The first main phase of such migration lasted until 1991 and the second one started in 1997. Migrants who left East Germany typically were younger and better educated than the average East German. Therefore the East-West migrants were a positively selected group. The positive selection is even stronger in the second wave of migration (Brücker and Trübswetter 2007 , Heiland 2004 . After controlling for age, the most recent cohort in East Germany has a lower educational attainment and is less well integrated into the labour market. East-West migration by the better educated East Germans therefore tends to increase the negative income gap. Our analysis is not affected by internal German migration by definition as we dropped internal German migrants from our sample.
Finally, we would like to note that we included only persons with positive incomes in our data set. Typically children and women who stay at home as housewives receive no income at all.
Since only people who already finished their education are included in our sample there are no children in our data set.
Results
Our regression results for the fixed effects vector decomposition method are shown in Table 2 .
Permanent West German residents have incomes that are 26.4 per cent higher than those of East Germans with the same observable personal characteristics.
( Table 2 about Further area level variables are included in our regressions because no regionally disaggregated costs of living data across time are available for East-and West-Germany (Roos 2006) . Using area level fixed effects in our regression we control for the unobserved heterogeneity at the area level, including time constant cost of living differences. Furthermore, we control for time varying local heterogeneity by including the unemployment rate, the industry fraction and the gross domestic product per head at the area level. Including the area level variables turn the income differences insignificant. Only the result for the oldest cohort is still significant at the 10 per cent significance level. This highlights the relatively comfortable position of retirees in East Germany.
The negative income gap of the youngest cohort is still highly significant and negative. This supports the worrying position of this cohort identified above.
Note that adding fixed effects on the area level to our exogenous variables turn the income differences insignificant. Simply adding the time varying variables reduces the influence of the dummy variable capturing the location of residence but they remain significant. The results are, hence, between the estimation of the regressions without area level variables and the results with area level variables when using fixed effects variables at the federal state level.
Further regressions are estimated to check the robustness of our results. The robustness tests include: adding Berlin to our East German sample, dropping the upper and lower 1 % per cent of the income distribution, adding a dummy for internal migrants, using pooled OLS as well as random effect estimations and the Hausman-Taylor regression model, and splitting the sample in people who are under or above 25 years of age and estimating these separately. In all cases the results were qualitatively the same (results available on request). Furthermore, commuters from East to West Germany could have a significant higher income than permanent residents.
The identification of commuters from East to West Germany is only possible for some years of our observation period. Therefore the areas ("Kreise") were dropped on each side of the former inner German border. Here it is assume that commuting takes mainly place between the areas adjacent to the border. Again our results are qualitatively the same (results available on request).
So far, our analysis concerned the mean income differences between East and West Germans.
Performing quantile regressions the income differences can be estimated at different points of the conditional wage distribution. Quantile regressions were estimated in a five year interval starting in the year 1992 using the same exogenous variables as in Table 2 To gain further insights into the income differences we applied the decomposition methods of Juhn et al. (1992) and Melly (2006) . The results of the decomposition of the income difference using these approaches with the same covariates as in Table 2 are shown in Tables 3 and 4, respectively.
( Table 3 about here)
The method of Juhn et al. decomposes the income difference into the contribution of differences in observable quantities, observable prices and unobservable quantities and prices at the first, fifth and ninth decile. The negative price effect increases across the whole conditional income distribution. Because of the more heterogeneous groups at both ends of the income distribution the residual effect is higher at the first and ninth deciles. But the residual effect is positive at the first and negative at the ninth decile. The quantity effect is positive at the first decile and around zero at the fifth and ninth decile. These results indicate the different driving factors of the income differences across the distribution. The positive income difference at the first decile are due to a positive quantity and residual effect that are together higher than the negative price effect. At the median and ninth decile the negative price effect is responsible for the negative income difference.
( Table 4 about 
Conclusions
Our empirical analysis of income convergence and heterogeneity since unification in Germany revealed four interesting and even surprising insights.
First, average incomes deflated by the consumer price index have been lower for East Germans relative to West Germans since unification. The convergence process has an inverse U-shape with a maximum at the beginning of the 2000s. In recent years, the income gap has risen again.
Second, the real income gap increases across the income distribution. At the first decile the real income of East Germans is higher relative to that of West Germans. Especially persons who receive benefits and retirees are disproportionatedly located there.
Third, differentiating between different cohorts yields the highest income for the retirees that belong to the oldest cohort. The middle cohorts should be in the worst position because they received their formal education in the former German Democratic Republic and started their work biographies there. Thus the devaluation of their skills should be the highest. However, this is not the case. Instead, the most recent cohort has the highest negative real income gap, given that their formal educational attainment and their labour market integration are lower compared to the previous cohorts. This may reflect the outmigration of the skilled young East Germans.
Fourth, when controlling for costs of living differences at the area level, the mean income difference between permanent residents of East-and West-Germany turns insignificant. Only the oldest and youngest cohorts have still an income difference. The oldest cohort has a higher and the youngest a lower income. 
